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By William J. Alford, Jr., R. Nor- Silvers, 
end Thomas J. King, Jr. 

A low-speed wind-tunnel investigation has been utde of some aspects 
of the aerodynamic problems associated w i t h  the use of air-to-air  missiles 
when carried  externally on a i rc raf t .  Measurements of the  forces and 
moments on a missile model f o r  a range of positions under the midseGspan 
location of a 45O sweptback wing indicated  longitudinal and lateral   forces  

wi th  regard t o  both  cerriage ar?d release of t le  missiles. Surveys of the 
Characteristics of the flaw field i n  'the region  likely  to be traversed 

loca l  dynamic pressure. Through the use of aero-ic data on the 
isolated missile and the neasured  flow-field  characteristics, the longi- 
tudi-nal forces and moments acting 011 the missile while i n  the presence of 
the -ving-fuselage  coafbination  could be estimated w i t h  fair accuracy. 
Although the lateral forces and moments predicted were qualitatfvely 
correct, there existed some Large discrepancies in  absolute magnitude. 

1 and moments  of suff ic ient  magnitude to  present  possible  serious problems 

I by the nissiles shared abrupt  gradients  in  both flaw azlgularity and i n  

A number of problems have arisen  in  comectlon w i t h  the use of stores 
or missiles thet are carried  externally on a i rc raf t .  These groblems 
involve the loeds  acting on tke bodies w h i l e  they are being carried o r  
the influence of the  loads on the peths taken by the bodies  released 
from the  a i rcraf t  while i n  flight. (See refs .  I and 2.) In  general, 
a l l  of these problems are re la ted   to  the nonuniform f ie ld  of flow  gener- 
ated by an  airplane. Because  of the complexity of the flow, t'le inves- 
tigations that have been reported (refs. 3 t o  5 )  h v e  yielded little 
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informakion  suitable  for  generalized  interpretation  of  nonuniform  flow 
fields  and  their  effec'us  on  lnissile  launching  behavior. 

The  National  Advisory  Committee  for  Aeronautics  is  making  studies 
of  the flaw fields  about  wing-body  combinations in order  to  provide 
fundamental  information  applicable  to  the use of external  stores and 
missiles. As a part  of  this  program,  the  present  paper  presents sane 
results  of a low-speed  wind-tunnel  investigation  of  problems  associated 
with  the  launching of air-to-air  missiles  from an airplane  configuration 
having a sweptback  wing.  Included  in  the  paper  are  results  of  flaw-fleld 
surveys ut the midsemispan  location,  results  of  measurements  of  forces and 
moments on a missile  model  at  various  locations  within  the  field  surveyed, 
ar?d  results  of some calcuhtions that indicate  the  degree  of  accuracy 
wit5  which  the  missile  forces  and  noments  can  be  computed  when  the  free- 
air  characteristics  of  the  missile  and  the  characteristics  of  the flow . 
field are known. 
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SYMBOLS 

pitching-momnt  coefficient, Pi tchinp; moment 
q0%% 

side-force  coefficient, side force 
so% 

yawing-moment  coefficient, Yawing  moment 
%sm4n 

free-stream ayna~nic pressure, ~ b / s q  ft 

local  dynamic  pressure, lb/sq ft 

free-strean  velocity,  ft/sec 

exposed  area of two  missile  wing  panels, 0.046 sq ft 

wing  area, 6.25 sq ft 

local  wing  chord of wing-fuselage  combination,  ft 
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aerodynemic  chord of exposed  missile-wing  are&, 
0.189 ft 

span  of  missile  wing, 0.415 f t  

s ~ a n  of  wing-fuselage  conbination, 5 ft 

3 

distance  from  leading  edge of the local wing  chord to 
missile  center of gravity,  positive  rearward  (fig. I), 
ft 

spanwise  distence frm fuselsge  center  line,  positive 
riat (fig. l), ft 

vertical  distance to missile center  line  above  wing  chord 
plane,  positive  up  (fig. I), rt 

diameter of missile body, 1.08 in. 

geometric angle of attack  (fig. 2), deg 

angle of sideslip  (fig. 2), deg 

resultant  flow  angularity  induced by wing-?uselage  cornbI- 
nation  (fig. 2), nessured  in  xz-plene,  betiieen  local 
flow direction and missile  model  axis of symmetry, 
az = a - E, deg 

resultant  flow a i ly la r f ty  induced by wing-fuselage  combi- 
nation  (fig. 2) , messured  in xy-plane, betveen  local 
flow  direction  and  missile  model  axis of sym~etry, 
Pz = B + u, deg 

downwash  a-?gle  induced by wing-fuselage  combination 
(fig. 2), measured  in  xz-plane  between  free-stream flou 
direction  and  local  flow  direction;  positive  when  local 
flaw  is  inclined  downward  relative to free  stream,  deg 

effective  dobxwash  angle  induced by missile  wing  on 
missile tail (fig. 2), positive dvm, deg 

sidewash  engle  induced by wlng-fuselage  combination 
(fig. 2), measured in --plane  betwee=  free-stream 
flaw  direction and local flow direction;  for  region 
on left  side of airpkee model  plane  of  symmetry, 
positive  sideimsh  corresponds to outward  inclination 
of  local flow relative to free  stream, 6eg 
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w e  effective sidewash engle induced by lllissile wing  on 
missile tail (fig.  2), positive outboard fo r  left  wing 
panel, deg 

a C N  
aa 

= -, per deg 

Cma = -, acra per deg 
aa 

Sxbs cr ip ts : 

B missile body 

w missile ving 

T znissile tail 

e effective  value 

The wing of the  wing-fuselage  combination had the  quarter-chord 
l ine swept back 45', an asgect   ra t io  of 4, a taper  ratio of 0.3, and 
NACA 65~006 a i r fo i l   sec t ions  parallel t o  the plane of synmetry. The 
fuselage  consisted of an ogival nose section, a cylindrical  center 
sectior-, and a truncated +tail cone. A two-view drawing of the  ving- 
fuselage  cmbination  as  pert of the  test  setup is s h m  in  f igure 1, 
and the  fuselage  ordinates  are  presented  in  table I. 

The angularity and  dynamic pressure  surveys were mde simultaneously 
with a ra'ke of six hemispherical-headed probes utilizing  both  pitch- and 
yaw-angle or i f ices   in  combination wiYn e Pitot-s ta t ic  arrangement fo r  
measming  dp-amic presswe. A photograph of the angularity  rake  installed 
on the wing-fuselage  combinetion is presented as figure 3 .  

Tne nzissile used in  the force and moment phase of the  investigation 
was a model of an air-to-air guided missile w i t h  an ogival nose, a 
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cylindrical  body, del ta  w i n g s ,  and 45O pointed teil fins .  The missile 

- of t i e  missile i n  relation  to  the wing-fuselage  conibination is shorn- i n  

was internally  instranented k i t h  a strain-gage b a b c e  and wes sting- 
mounted frorn the  rear of the  wing-fuselage  combination. The arrangement 

figures 1 and 4 and i ts  generel  dinensions  are  presented  in  figure 5. 

Tne t e s t s  were made i n  the Langley 300 MPH 7- by 10-foot tunnel at 
a velocity of 100 rdles  per hour and included surveys of the f l o w  angu- 
l a r i t y  and dynamic pressure  in  the  vicinity of the wing-fuselage combi- 
mtion,  force esld mnent measurements on the  missile model when located 
a t  various positions  within the wing-fuselage f low f ie ld ,  an& breakdom 
te s t s  of the isolated missile. This paper presents  eqerimental   results 
a t  engles of attack of -0.2O, 3.8O, a ~ d  8.2O a t  Oo sideslip.  

The angularity end dynamic Fressure data me  presentea  in contour 
form for  the w i n g  midsemispan- position. The colltours of local angularity 
values  are  ?resented  relative  to the w5ng chord l ine  and hence include 
measurenents of the geometric a g l e  plus the induced angles  generated by 
the  wing-fuselage  combination. 

The surveys were made over the right wing w i t h  the wing-fbelage 
model inverted  to  avoid  support-strut  interference and therefore repre- 
seEt  conditions under the l e f t  wing of the model. Since  the missile 
model -vas not i n  place,  the surveys do not include mutual interfereme 
effects.  

Force end  monent characterist ics measured on the missile w h i l e  i n  
the  pesence of -&e wing-fuselage  comblnation are  presented  in  the 
figures  along w i t h  the  engulaxity  contours i n  order t o   f a c i l i t a t e  analysis 
of the  results.  The positive  directions of the  forces and moments 
measured  on the d s s i l e   n o d e l a r e  shown in  figure 2. 

The resu l t s  of breakdam tests of the  isolated missile are  presented 
as variations of normal force and pitching mment wi’;h angle of ettack, 
but also are applicable as variations of side  force and yaxing aorent 
w i t h  angle of s idesl ip  if proper  consideration is given t o  the definit ion 
of coefficients aod t o  the sign cormention. 

Jet-boundary corrections  calculated by the nethod of reference 6 ,  
along w i t h  a free-stream misalinement angle of 0.2O, have been cpplied 
to  the angle of a t tack when the  wing-fuselage  combination  influenced the 

alinement  correction was applied. Jet-boundary corrections were not 
eppliea  to  the flaw angukrity  results  since  these  corrections were 

- t es t   resu l t s .  In the  case 02 the  isolated-missile  tests, only the mis- 

* 
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within  the  expected  acc-macy  limits  of the flow-angularity  measurements. 
Blockage  corrections  calculated  by  the  method  of  reference 7 were  applied 
to  the  dynamic  pressme. 

I 

Consideration of the  angularity-rake  calibration,  the  me';hod  of  rake 
sxpport,  and  the  data-reductLon  procedure  indicates  that  the  angular 
values  presented  are  accurate  to  within C0.5O. Consideration of the 
missile  node1  strain-gage  balance  calibrations and the  general  repeat- 
ability of the  data  indicates  that  the  accuracy of rdssile-alone  force 
and  moment  components  are  approxldtely  accurate  within  the following 
lint ts : 

Coefficient  Error 

c p . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.02 
cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.02 
cy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.02 
c, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50.01 

DISCUSSION 

Tine longitudinal  angdlarity  contours  are  presented  in  parts (a) and 
the  lakeral  angularity  contours  are  presented in parts (b) of figures 6 
to 8. Also included  in  figures 6 to 8 are  tie  force  and  moment  charac- 
teristics of t3-e  rnfssile  model Fr, the  presence of the  d-ng-fuselage 
conbinatioa. m e  local  dynamic  pressure  ratios  are  presented  in figme 9 1 

for  three aogles of a5tack. The normal-force and pitching-moment  charac- 
2eristics of t k  isolated  missile  are  presented in figure 10 and the 
effective downwash characteristics of the  isolated  missile  are  shorn in 
figure U. A comparison  between tiie measwed and estimated  forces  and 
morents  an  the  missile in the presence of the  wing-fuselage  combination 
5s presented  in  figure 12. 

. 

Wing-Fuselage  Angularity  Characteristics 

The longitudinal  angularity  contours  (parts (a) of figs. 6 to 8)  
indicate  the  presence of both  chordwise  and  vertical  gradients  near  zero 
angle of attack  with  tksse  gradlents  becoming  generally  larger  as  the 
geometric  angle  is  increased.  Positions where the  local  angularity 
exceeds  %he  geometric  angle  indicate  regions of upwash and,  conversely, 
positions  where  the  local  angularity is less than t'ce geometric  angle 
are  regions of downwash.  The most severe  gradients  are  seen  to  exist 
above the wing  chord d lane for positive  angles of attack. 



NACR RM L9520 7 

0 The  lateral  angularity contours (parts (b)  of  figs. 6 to 8) also 
indicate  both  vertical  and  longitudinal  gradients.  With '&e sign 
convention  adopted,  positive  values of local  angularities  indicate a 
flow to  the  left  when  viewed  from  the  rear.  Inasmuch as these  surveys 
were  made  a5out  the  left w i n g  yanel, positive  angles  indicate an out- 
flow  direction  (flow  toward  tip) . It should elso be  noted  that  these 
t e s t s  were  made  at 0' sideslip.  These  lateral flow directions  could 
then  be  attributed  to  the  effects  of  wing  sweep end thickness  taper  for 
the near zero  angle-of-attack  case  (fig. 6(b) 1 end to a combination  of 
the  aforementioned  effects  with  lift-induced  sidewash  for  the  lifting 
condition  (figs. 7(b) and 8(b)) .  Examfnation  of  the  lateral  angularity 
contours  indicates  that,  near  zero  angle  of  attack,  the  direction of the 
flow is inboard. At positive  angles of attack,  the  flow  direction  below 
the wing-chord  plene  is  predominantly  in an outboard  direction, and 
above  the  chord plane the flov direction is inward. These  results 
pertain to regions  outside  the wing boundary layer  and.hence hve char- 
acteristics  considerably  different f r o m  those that would  be  expected 
close  to  the  wing  surface. 

c 

Missile  Force  esd  hbment  Characteristics in Presence 

of  Wing-Fuselage  Combination 

Presented  on  the  same plots and using $he smie abscissa6 as the 
angukrity contours  (figs. 6 to 8)  are the force end moment  character- 
istics  of  the  missile  when  it is in  the  wing  flow  field.  The  longitu- 
dinal  lines  in  the  angularity  contours  Fdentified ~ t s  A end B are  the 

of: the l o c s l  wing chord  below the wing-chord  plane  and  line B is 37.2 per- 
cent of the  local  wing  chord below the eng-chord plane.  The  missile 
force  end  moment  characteristics  are  presented 8s functions of the  chord- 
wise  positions of the  missile  center of gravity  relative  to  the  leading 
edge  of  the  wing  chord.  (See  fig. 6(a).) Also presented in figures 6 
to 8 are  the  isolated-missile  force and moment levels, from figure 10, 
to  show  the  degree of induced  deviation. 

b 

. wths along  which  the  missile was translated.  Line A is 15.5 percent 

The  nissile  pitching  monent and normal force  (garts  (e>  of  figs. 6 
to 8) are  seen  to  have large deviations from the  respective  levels  of 
the  isolated  missile  even  near zero angle of at'dck. As would  be  expected, 
these  variations  diminish as the missile  is  displaced  from  the  wing-chord 
plane  end  tend  to  their  free-stream  level  sufficiently  far  ahead  of  the 
wing. 

The  yawing  moments  induced on the  missile  due  to  the  proximity of 
the  wing-fuselage  combination  (parts  (b)  of  figs. 6 to 8) ere  seen  to  be 
comparable  in  magnitude to the  pitching momnts when  consideration is 

coefficients. 
I given  to the nondimensionelizing  garameters of these  respective 
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Brief  studies  using  these  data in conjunction  with  the  equations  of 
motion  indicated  that  these  forces  and  moments,  both  longitudinal and 
lateral,  are of sufficient  magnitude  to  present  possible  serious  problems 
with  regard  to  carriage  and  release of the  missiles. . 

Dynamic Pressure  Characteristics 

The  local  dynamic  pressure  ratios in the  field  surrounding  the w i n g  
(fig. 9) indicate that even  the  relatively  thin  airfoil  section  employed 
(NACA 65~006) generates  sizeable  disturbances -h the  air  stream at essen- 
tially  zero  angle  of  attack. As the angle Fs increased,  the lift effect 
on the  dynamic-pressure  ratios  soon  predominates  over  the  thickness  effect. 
Tne  existecce of these  dynamic presswe gradients  is  another  factor that 
must be  considered in analyzing  and  in  attempting  to  predict  the  missile 
characteristics. 

Isolated-lrLtssile  Force and Moment Cheracteristics 

The normal-force and  pikhing-moment  characteristics of the  ieolated 
nissile  and its component  parts as determined from breakdown tests in  the 
free stream are  shown  in figme 10. By virtrre of the nissile symmetry, 
Yiese data are also applicable  as  side-force and yawing-moment  character- 
istics,  considerlng  the  appropriate  dimensions and signs. 

The  slopes  of  the  normal-force  and  pitching-monent  curves  of  the 
isolated-missile  camponent  parts  were  measured  at  zero  angle of attack 
and  are  presented,  along  with  the  lateral paramters that  would  be  obtained = 
if  the  tests  were nade at angles of sideslip,  and  are  listed  below: 
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In  order t o  determine an effective downwash mgle at  the missile 
tail, as  affected by the  missile wing, increnental  pitching moments  of 
the - iss i*  configurations  utilizing  the tail,  w i t h  the ving both on end 
off ,  are presented in   f igure 11. Tne difference  in angle at  a constant 
pitching-moment increment is an effective downwash =@;le at the missile 
tail. This dm-msh  angle is referred to es an  effective  value,  since 
the  chmge i n  dynamic pressure a t  the missile ta i l  due to  the missile 
wing is, for  these tests, unknm. By virtue of the  missile sylometry, 
these m g l e s  a r e   e q w l   i n  magnitude but of opposite sign from the  side- 
wash angle, if  considered from a lateral-plane  standpoint. 

Estimation of Missile Cl-aracteristfcs  in the Presence 

of the Wing-Fuselage C h i n a t i o n  

The resu l t s  of an attempt t o  estimate the  forces and moments on 
the  missile  vhile  in  the  presence of the wing-fuselage  combination are 
presented  for comparison w i t l  the experimental data in   f igure 12. These 
e s t h a t i o n s  were made =sing the isola3ed  missile  chtxracteristics from 
the breakdown t e s t s  (figs. 10 and 111, the angulerity  results  (f igs.  6 
t o  8), and dynamic pressure cor?tours ( f ig .  9) in  the  following  equations: 

@I) t o t a l  = 

(%)total = 
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!The approsriate  values of the angle of  attack,  sideslip,  and  dynamic 
pressure  were  obtained  by  averaging  the  local  values of az, BZ, and 
- a t  the  approximate  centroids  of  the  body  nose, the wing,  and  the Qz 
90 
tail.  Tee  cylindrical  portion of the  missile  body was assumed  to  carry 
no  force or  moment. 

As can be  seen iI? Cigure 12, fair  agreement  is  obtained  between  the 
estimated  and  experimental  results  for  the  longitxdinal  coefficients. 
In the  case 09 the  lateral  coefficients, nmever, although  correct quel- 
itative  trends  are  predicted,  there  exist some large  discrepancies  in 
absolute  mgnitdde.  Gne  possible  reason  for  these  differences may be 
the  fact that the  estimation  procedure  used  does  not  account for any 
mutual  interference  e5fects  between  the  flaw  fields  of  the  ratssile  and 
the  wing-fuselage  conbination. . 

CONCLLDIITG REMARKS 

A low-speed  wind-tunnel  investigation  has  Seer,  =de of some  aspects 
of the  aerodynamic  problems  associated w i t h  the m e  of air-to-air  missiles 
when  carried  externally on aircraft.  Messurements of the  forces  and 
moments  on a missile  model  for e range  of  positions  under  the  midsemispan 
location of a 45' sweptback  wing  indicated  longitudinal  and  lateral  forces 
and mments of sufficient  magnitwie  to  present  possible  serious  problems 
with  regard to both  carriage  and  release of tke  missiles.  Surveys of the 
chrecteristfcs of the  flow  field in the  region  likely  to  be  traversed  by 
the  missile  showed  abrupt  gradients  in  both flow angularity and  in  local 
dynamic  pressure. Through the  use of aerodynamic  data on the  isolated 
rnlssile  and  the  measured  flow-f'ield  characteristics,  the  longitudinal 
forces  and  zloments  acting  on  the  missile  while  in  the  presence oI" the 
wing-fuselage  combination  cocld  be  estimated with fair  accuracy.  Although - 

" . . 



- the la teral   forces  and moments predicted were qualitatively  correct,  there 
existed sane large  discrepancies  in ebsolute magnitude. 

- 
Langley Aeronautical Iaboretory, 

National Advisory  Cormittee for Aeronautics, 
Langley FieM, Ve., October 5,  1954. 
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Figure 1.- Test netup showlng the misslle i n  one t e s t  location. (ALL 
dimen~fons are i n  inches unless otherwise noted. ) 
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"- denotes local flow direction 

about wing - fuselage  combinotion 

fo which  missile is mounled. 

Figure 2. - Positive directions of Forces, moments, and angles. 



L-80760.1 
Figure 3 .- Photograph of model with  angularity rake installed. 
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L-82628 
Figure b.- Photograph of model with missile installed. 
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4c.g of  missile 
P"- 995d, 

Figure 5.- Drawing of mi.ssilc model showing general dimensions. 
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(a) Lorqitudinal  characteristics. 

Figure 5.-  hgu1a;rity contours and missile forces and moments fo r  
a = -0.2O; p = 00. 
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(b) Lateral  characteristics. 

Figure 5 .  - Concluded. 
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Figure 7. - Angularity contours and missile forces and moments for 
a = 3.8"; B = 0'. 
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(b ) Lateral chcacteristics. 

Figme 7.- Concluded. 
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(a) Lol?gitudinal  characteristics. 

Figure 8 .- AngularFty  contours  and m5ssile forces and moments for 
a = 8.2O; p = 0'. - 
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(b ) Lateral   chmacterist ics . 
Figure 8.- Concluded. 



Figure 9.- Dyr_amLc-pressu_re ratios f o r  several angles of attack. 
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0 Body done 
a""- 

A- - Body+ wing 
Body + fail 

0"- Comp/efe missile 
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Angle of utfuck, a,dW 

Figare 10.- Force ad, moment characteristics of isolated  missile. 
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Figure U.- D a m w a s h  characteristics of isolated missile. 
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-/.6 42 -.8 - 4 0 4 .8 
Chordwise distance I 9~ 

(a) a = -0.2~; p = oo. 

. 

Figure 12.- Corrrparrson betwwn estimate6 ansi experimntzl missiLe forces 
ana moments. 
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Es t imuted Experiment Vertical posit ion 
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- 6 6  -62 -8 -.4 0 4 
Chordwise distunce, Vc 

(b) a = 3.8'; $ = 0'. 

Figure 12. - Cont inuei!. 
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Esfimaied  Experiment  Verf  ico/ posifion 
0 A 

B """ 

-16 -62 -8 -4 0 4 .8 
Chordwis d/s fame 

( c )  CL = 8.2'; p = oo. 

Figure 12.- Concluded. 
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